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(57) 



ABSTRACT 



A method of forming a low temperature metal bond includes 
the step of providing a donor substrate, such as a crystallo- 
graphically oriented donor substrate, including a sapphire 
donor substrate or a MgO donors substrate. The donor 
substrate may also be quartz or fused silica. A thin film is 
grown on a surface of the donor substrate. The thin film may 
be an oxide, nitride or Perovskite. The invention may be 
implemented using nitride thin films, including A1N, GaN, 
InN, and all of their solid solutions, alloys, and multi-layers. 
An acceptor substrate is then produced. The acceptor sub- 
strate may be Si, GaAs, polymers, such as polyimide, or 
stainless steel for use in microrobotics. A multi-layer metal 
bond interface for positioning between the thin film and the 
acceptor substrate is then selected. The multi-layer metal 
bond interface must satisfy a set of criteria, such as low 
temperature bonding, low resistance to shear stress, capa- 
bility to adhere to the donor and acceptor substrates, and the 
ability to form a thin new bonded layer. A bonded layer is 
then formed, at a temperature below approximately 200° C, 
between the thin film and the acceptor substrate using the 
multi-layer metal bond interface. The donor substrate is then 
severed from the thin film to isolate the thin film for 
subsequent processing. 

31 Claims, 4 Drawing Sheets 
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Will the New Bonded Layer Have Low 
Contact Resistance and Low Thermal 
Resistance? 



No 



90 



Yes 



Will the New Bonded Layer be Thinner 
than the Film? 



No 



Use New Multi-Layer Metal Bond 
Interface 



94 



Figure 6 
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METHOD OF FORMING A LOW may be an oxide, nitride or Perovskite. The invention may 

TEMPERATURE METAL BOND FOR USE IN be implemented using nitride thin films, including AIN, 

THE TRANSFER OF BULK AND THIN FILM GaN, InN, and all of their solid solutions, alloys, and 

MATERIALS multi-layers. An acceptor substrate is then produced. The 

5 acceptor substrate may be Si, GaAs, polymers, such as 

RELATED APPLICATIONS polyimide, or stainless steel for use in microrobotics. A 

. ,. . , , TTO _ multi-layer metal bond interface for positioning between the 

This application B related to U.S. Ser No. 09A)12 829, ^ flto and (hc a f h , hen mAM ^ 

filed Jan. 23 1998, enntled "Separafon of Thm Fdms from multi . layer meta i bond interface musl ^fy a set of criteria, 

Transparent Substrates by SelecUve Optical Processing, lfl such ^ bw tem p eralur e bonding, low resistance to shear 

which has common inventors and a common assignee. The rf {Q adher<; (o ^ don0f an(J ^ 

related application is incorporated by reference herein. subs trates, and the ability to form a thin new bonded layer. 

BRIEF DESCRIPTION OF THE INVENTION A bonded ^"J f ° med ' V "WW™ 

approxunately 200 C, between the thin film and the 

This invention relates generally to the handling of mate- 15 acceptor substrate using the multi-layer metal bond inter- 
rials used in the electronics field. More particularly, this face. The donor substrate is then severed from the thin film 
invention relates to a technique of forming a low tempera- to isolate the thin film for subsequent processing, 
ture metal bond to facilitate the transfer of bulk and thin film embodiment of the invention has utilized low tern- 
materials used in the electronics field. perature Pd — In metal bonding to bond GaN thin films onto 

20 Si, GaAs, and polyimide substrates. The Pd — In bonding 

BACKGROUND OF THE INVENTION , a ; ers form a ^ 

compound after pressure bonding at a 

The intimate integration of thin film materials with dis- temperature of approximately 200° C. Separation of the 
parate properties is required to enhance the functionality of sapphire substrate from the GaN thin film can be achieved 
integrated Microsystems. For example, combining laser using a pulsed ultra-violet laser lift-off process. Thin film 
diodes with low cost electronics necessitates the integration 25 characterization by x-ray diffraction, scanning electron 
of III-V semiconductors with silicon. The materials inte- microscopy, and atomic force microscopy verify that the 
gration can be done simply by direct deposition of the thin GaN retains its crystal quality before and after thin film 
film onto the final substrate. In many cases, however, direct separation and transfer. The technique of the invention 
deposition involves substantial sacrifices in the micro- creates opportunities for integration of GaN-based devices 
structural quality, properties and performance of the thin 30 with other material systems. The "cut and paste" method- 
film. In some cases, such as integration of piezoelectric ology of the invention may be used to combine GaN with 
electro-ceramic thin films with polymer substrates, the pro- other material systems that otherwise cannot be used in 
cessing conditions (e.g., temperature and ambient) preclude conventional growth processes. The technique of the inven- 
direct deposition. In these instances, a bonding and lift-off tion allows direct integration of GaN with novel substrate 
approach may be required. 35 materials for improved device performance. 

A bonding process involves adhering a heterostructure BRIEF DESCRIPTION OF THE DRAWINGS 
(e.g., a thin film) still on its growth substrate to a final 

micro-machined, patterned, and metallized substrate. To For a better understanding of the invention, reference 

allow maximum flexibility for a wide range of material 4Q should be made to the following detailed description taken 

combinations it would be highly desirable to adhere to a in conjunction with the accompanying drawings, in which: 

number of constraints. For example, the bonding layer FIG. 1 illustrates processing steps performed in connec- 

should have low resistance to shear stress at temperatures t ion with the formation of a low temperature metal bond of 

below 200° C. such that submicron surface asperities and the invention. 

particulates do not prevent fall surface contact. It would also 4J na 2 ^ m , oded yiew of aQ QI substrate> a 

be desirable to have a bonding layer that .s both adherent to multi . layered metal bond , thin film, and a donor 

the heterostructure and the final acceptor substrate. In sub strate of the invention. 

addition, the bonding process should be performed in such _ .„ , . . , , , . 

a manner that it does not leave behind a low melting point fll nG - grates an acceptor substrate, bonded layer thin 

phase or residue. Ideally, the resulting bond would have low cn ^ * donor substrate formed in accordance with an 

electrical resistance and low thermal resistance. Finally, the 50 em t*>diment ° f lhe invention. 

bonding layer should be thinner than the thin film to be FIG. 4 illustrates the formation of an interfacial layer in 

transferred, such that its properties do not dominate those of accordance with an embodiment of the invention, 

the transferred thin film. FIG. 5 illustrates a thin film isolated from its donor or 

If the foregoing constraints could be satisfied, the oppor- 55 substrate after processing in accordance with an embodi- 

tunities for integration of thin film materials with other ment of me invention. 

systems would increase. More particularly, opportunities for FIG. 6 illustrates processing steps associated with the 

the direct integration of thin films with novel substrate selection of a multilayer metal bond interface for low 

materials for improved device performance would increase. temperature metal bonding in accordance with an embodi- 



ed 



ment of the invention. 



SUMMARY OF THE INVENTION Like reference numerals refer t0 ^spending parts 

A method of forming a low temperature metal bond throughout the drawings, 

includes the step of providing a donor substrate, such as a nFTATT FH FiFSriiTPTTON OF THF 

crystallographically oriented donor substrate, including a i^TmON 
sapphire donor substrate or a MgO donor substrate. The 65 

donor substrate may also be quartz or fused silica. Athin film FIG. 1 illustrates a method 20 of forming a low tempera- 
is grown on a surface of the donor substrate. The thin film ture metal bond in accordance with an embodiment of the 
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invention. The method 20 includes the step of growing film 
on a donor substrate (step 22). For example, a GaN semi- 
conductor thin film may be grown on a crystallographically 
oriented growth substrate, such as sapphire or MgO. 

The next processing step is to select a multi-layer metal 
bond interface that can be used to form a low temperature 
metal bond (step 24). As used herein, the term low tempera- 
ture means approximately 200° C. or lower. The details 
associated with an embodiment of this step are described 
below in connection with FIG. 6. 

The next processing step is to form the selected multi- 
layer metal bond interface between the thin film and an 
acceptor substrate (step 26). FIG. 2 illustrates a donor 
substrate 30 with a thin film 32 grown thereon in accordance 
with step 22. FIG. 2 also illustrates an acceptor substrate 34. 
In one embodiment of the invention, the acceptor substrate 
34 is Silicon. Positioned between the donor substrate 30 and 
the acceptor substrate 34 is a multi-layer metal bond inter- 
face 35. In the embodiment of FIG. 2, the multi-layer metal 
bond interface 35 includes an acceptor bonding under-layer 
36, a donor bonding under-layer 38, and a bonding over- 
layer 40. In one embodiment of the invention, the acceptor 
bonding under-layer 36 includes a layer of approximately 
100 nm of Pd. In one embodiment of the invention, the 
donor bonding under-layer 38 includes approximately 10 nm 
of Ti and approximately 100 nm of Pd. The Ti facilitates 
adhesion of Pd to a thin film, such as GaN. The bonding 
over-layer 40 may be formed with approximately 1000 nm 
of In. Preferably, the thickness of the Pd and In layers are 
chosen such that the ratio of Pd:In is maintained at 1:3 in 
order to form the compound Pdln 3 after completion of the 
bonding process. The ratio will also ensure total consump- 
tion of In so that no component of low-temperature phase 
will remain after bonding. 

A low temperature (approximately 200° C. or lower) 
pressure bond, as represented by arrows 42 in FIG. 3, is then 
used to form a bonded layer 44 from the multi-layer metal 
bond interface 34. In one embodiment, the donor substrate 
30 and acceptor substrate 34 are brought together under a 
moderate pressure of less than 10 MPa, preferably approxi- 
mately 4 MPa within a nitrogen ambient. The temperature is 
then raised slightly above the melting point of the lowest 
melting temperature metal. In this example, In has the 
lowest melting temperature, with a melting temperature of 
approximately 156° C. Bonding is then performed at 
approximately 200° C. and the selected multi-layer metal 
bond interface 44 is formed between the thin film 32 and the 
acceptor substrate 34, as shown in FIG. 3. 

In this example, the layer 44 is the compound Pdln 3 . This 
layer 44 is a mechanically stable bond with a melting point 
of 664° C. The bonding time is selected to allow complete 
reaction of the metal multi-layers to form the desired new 
phase. 

Returning to FIG. 2, the next processing step is to irradiate 
the thin film 32 through the donor substrate 30 to form an 
interfacial layer (step 50). Arrow 52 in FIG. 4 represents 
irradiated energy applied to the donor substrate 30. This 
operation is described in detail in the related application 
entitled "Separation of Thin Films from Transparent Sub- 
strates by Selective Optical Processing", U.S. Ser. No. 
09/012,829, filed Jan. 23, 1998, which is incorporated by 
reference herein. In short, this step applies irradiated light of 
a wavelength that is substantially more strongly absorbed in 
the thin film 32 than in the donor substrate 30. This results 
in the formation of an interfacial layer between the thin film 
32 and the donor substrate 30. FIG. 4 illustrates the resultant 
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interfacial layer 54 produced between the thin film 32 and 
the donor substrate 30. 

The remaining steps illustrated in FIG. 1 are also 
described in the cited application, thus they are only dis- 

5 cussed briefly herein. FIG. 1 illustrates that the next pro- 
cessing step is to sever the interfacial layer to separate the 
donor substrate 30 from the acceptor substrate 34 (step 60). 
The resultant structure is shown in FIG. 5. The thin film may 
then be cleaned (step 62). The cleaned film may then be 

10 lifted from the acceptor substrate (step 64) or it may be used 
as a growth substrate for new epitaxial growth (step 66). 

In sum, most of the steps of FIG. 1 are consistent with the 
technology described in the previously cited application. 
The present invention departs from the previous technology 

15 in that a multi-layer metal bond interface is used to link the 
acceptor substrate 34 to the thin film 32. The formation of a 
low temperature metal bond in the disclosed manner is 
believed to be inventive. The donor substrate 30 removal 
process and subsequent processing described in connection 

20 with steps 50-66 of FIG. 1 may be used in accordance with 
the low temperature metal bond formation technique of the 
invention. However, other lift-off techniques may also be 
used in accordance with the low temperature metal bond 
formation technique of the invention. 

FIG. 6 illustrates criteria that may be used to implement 
the step of selecting a multi-layer metal bond interface (step 
24). The first step shown in FIG. 6 is to select a new 
multi-layer metal bond interface (step 80). It is then deter- 

30 mined whether the bonding over-layer has a low resistance 
to shear stress at temperatures below 200° C, such that 
sub-micron surface asperities and particulates do not prevent 
full surface contact (step 82). As defined herein, a low 
resistance to shear stress means that the metal melts and 

35 flows to maximize contact area. This property makes the 
bond less susceptible to failure due to sub-micron and 
surface roughness, thus improving the yield of the bonding 
process. 

If the selected multi-layer metal bond interface does not 
40 satisfy this criteria, a new multi-layer metal bond interface 
is selected at step 80. If the selected multi-layer metal bond 
interface does satisfy this criteria, it is determined whether 
the bonding under-layer will adhere to the donor and accep- 
tor substrates (step 84). If not, a new multi-layer metal bond 
4 5 interface is selected at step 80; if so, it is determined whether 
the bonding over-layer and under-layer will form a new 
bonded layer (step 86). If a new layer will not be formed, 
then a different multi- layer metal bond interface is selected 
. at step 80. 

50 If a new layer will be formed, the condition at step 88 
should be satisfied, namely, that the low temperature bond- 
ing process at or below approximately 200° C. will not 
produce a low melting point phase or residue. Elimination of 
the low melting point phase or residue by reaction with the 

55 other metallic constituents, after full contact is achieved 
permits subsequent processing at 200° C. or higher tem- 
peratures. If this condition is not satisfied, then a new 
multi-layer metal bond interface is selected at step 80. If this 
condition is satisfied, the condition of step 90 is considered. 

60 Step 90 determines whether the new bonded layer has low 
contact resistance. In the case of a wide gap semiconductor, 
such as GaN, low contact resistance means a specific contact 
resistance of no greater than 10" 4 Ohm-cm 2 . In the case of 
a conventional semiconductor, low contact resistance means 

65 a specific contact resistance of no greater than 10" 6 Ohm- 
cm 2 . In the case of a meta l 1 low cnntact resistance means a 
specific contact resistance of no greater than 1CT 7 Ohm-cm 2 . 
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Step 90 also determines whether the bonded layer has low ment to implementing GaN technology is the lack of a 

thermal resistance. As used herein, low thermal resistance lattice-matched substrate for GaN growth. This impediment 

refers to a thermal conductivity of no lower than 10 Watts/ necessitates heteroepitaxy on available but dissimilar 

m°K. If the conditions of step 90 are not satisfied, a new substrates, such as sapphire and SiC. Furthermore, the 

multi-layer metal bond interface is selected at step 80. If the 5 incongruent decomposition of this compound at relatively 

conditions are satisfied, a final condition is tested at step 92, low temperatures to produce metallic Ga and N 2 gas pre- 

namely, whether the new bonded layer will be thinner than veQts , lhe fj"™"^ feasibility of growing large bulk 

the film. This condition is tested so that the properties of the and inhibits efforts to grow high quality thin films, 

new bonded layer do not dominate those of the film. If this GaN based optoelectronic and electronic devices have 

condition is satisfied, the selected multi-layer metal bond 10 been previously demonstrated on sapphire However, device 

interface is used (step 94) in accordance with the processing 1 uaht y GaN matenal 0D substrates other than sapphire has 

shown in FIG 1 not met m ^ muCD success - Tb e symmetry of the GaN 

... , ' \ . . rnj crystal structure (hexagonal wurtzite structure), combined 

Although the invention has been fully described, the ^ ^ w GaN (hm film h , ratures , 

mvention may be more fiillyappreciated in connection with fa rf ^ H material ontQ fflore commoQ 

a more specific example The mvention has been imple- 15 Urates, such as GaAs, IilP or Si, fous to pedi ngthe direct 

mented with a GaN thin film 32 of approximately 3 /an on . im rf GaN ^ ^ and c . 

a double-sided polished sapphire donor substrate 30. A thin , . . , , .uioh^ktu** 

,T nj^r j t_- i cr- j nJ tromc semiconductor technologies. Bulk GaN substrates are 

bilayer of Ti-Pd (5 nm and 100 nm th.ckness of T. and Pd, cur investigated> but crystal size is , imited t0 less 

respectively) was deposited onto the GaN by electron beam ^ ^ ^ cenTimeters. 

(e-beam) evaporation (base pressure of approximately 20 % 

lxlO- 7 Torr). The thin bilayer thereby forming the donor tbm film u s & ov ? on sapphire substrates exhibit 

bonding under-layer 38. The acceptor substrate 34 was P™°™«:° roughness due m part to the large density of 

separately coated with a 100 nm thick e-beam evaporation dislocations mtersecting the fita surface. Hence, direct 

Pd film, forming the acceptor bonding under-layer 35. An b ° Ddu, S of the paN/sapphire structures onto dissimilar 

approximately 1000 nm In bonding over-layer 40 is then 25 substrates presents a formidable challenge. The use of a 

deposited on the donor bonding under-layer 38. trans * nt >y id P ba f t fl ° n acco " n ? 0 d f surface b V 
r . -..«_.■ spreadmg laterally to fill voids has been shown to success- 
The Pd and In thicknesses were chosen such that the ratio m join cefamic materials for ^ tera perature applica- 
of the Pd:In was maintained between 1:3 and 1:1 to insure tions Qf ^ low mdting ^ m ^ indium fe a metal 
complete consumption of the In during the low temperature which nquefies abovc room temperature (above approxi- 
bonding process. The GaN/sapphire structures were then matdy 25 <> c) for processing stability and below 2 fJ0° C, 
bonded at a pressure of approximately 2.8 Mpa onto boron thereby permitting bonding to a wide range of substrates 
doped p-type Si (001), semi-insulating GaAs (001) or illcluding semiconductors, metals, glass, polymers and 
polymide substrates at 200 C. for 30 minutes in a flowing electro ceramics. Melting the indium metal at 156° C. 
nitrogen ambient. In an embodiment of the invention, an ^ aUow$ the mcUl tQ fe _ flow and mi in af0und $urface 
inert metal layer (e.g., 1-10 nm of Ti) is placed as a diffusion rities> thus accommodating rough surfaces. It is also 
barrier between Pd and In to delay the completion of the that palladium is ad herent to most semiconductors 
reaction at 200 C. and po i yrners> tnus t h e Pd— In system is applied for low 
During the initial stage of the bonding, as the temperature temperature bonding in which the compound Pdln 3 is the 
exceeds the In melting point of approximately 156° C, 4Q fi^t phase to form at a Pd — In diffusion couple. Palladium 
molten In flows laterally to fill in any voids and encase jg optimal due to its resistance to oxidation. The 
submicron particulates and surface asperities, thus maximiz- resulting Pdln 3 phase also has a relatively high melting point 
ing the contact area of the bond. The Pd+3In to Pdln 3 0 f 664° C, thus, the Pd— In intermetallics are able to yield 
reaction begins at room temperature and is completed during a stable high temperature Pdln 3 bond from a low tempera- 
the 200° C. treatment. The resulting Pdln 3 bond is strong 45 mre bonding process. Furthermore, the Pd— In system is an 
enough to withstand the subsequent thermal and mechanical i dea l bonding material due to its uniform native-oxide 
shock from the laser lift-off process (step 50 of FIG. 1). penetration, and limited and uniform semiconductor 
All laser processing of the sapphire/GaN/Pd — In/ consumption, when in direct contact with a semiconductor, 
receptor-substrate structures was performed in air using a The bonding process described, in conjunction with an 
Lamda Physik Lextra 200 KrF pulsed excimer laser (38 ns 50 optical lift-off process, allows for novel heterostructure 
pulse width). The decomposition of the interfacial GaN into stacking combinations of the GaN material system with 
Ga metal and N 2 gas was accomplished with a single 600 other materials not possible by typical growth methods. GaN 
mJ/cm 2 laser pulse directed through the transparent sapphire thin films can also be combined with other substrate mate- 
substrate. By melting the thin Ga rich interfacial layer rials more common in electronic and optoelectronic 
(T„=30° C.) after laser irradiation, lift-off, and transfer of 55 applications, such as Si or GaAs. The integration of GaN 
the GaN film from sapphire onto the receptor substrate was based materials with AlGaAs or AlInGaP on GaAs sub- 
completed. In using this two-step process, GaN films up to strates allows for arrays of microscopic red, green and blue 
20 cm 2 were successfully transferred by rastering a 0.03 cm 2 fight emitting diodes on angle GaAs wafer for color display 
beam spot across the entire sample. A thin Ga rich layer on applications. GaN thin films can also be bonded to substrates 
the surface of the exposed interface was easily removed with 60 0 f higher electrical and thermal conductivity than sapphire, 
a 1:1 solution of HO and de-ionized water. The transferred thereby improving device performance by minimizing elec- 
films were then characterized by x-ray diffraction, scanning trical series resistance and improving heat transfer from the 
electron microscopy, and atomic force microscopy to verify active region. 

the structural integrity of the GaN film before and after Th e foregoing description, for purposes of explanation, 

lift-off and transfer. 65 used specific nomenclature to provide a thorough under- 

Those skilled in the art will recognize a number of standing of the invention. However, it will be apparent to 

benefits associated with tbe invention. The primary impedi- one skilled in the art that the specific details are not required 
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in order to practice the invention. In other instances, well 
known circuits and devices are shown in block diagram form 
in order to avoid unnecessary distraction from the underly- 
ing invention. Thus, the foregoing descriptions of specific 
embodiments of the present invention are presented for 
purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed, obviously many modifications and 
variations are possible in view of the above teachings. The 
embodiments were chosen and described in order to best 
explain the principles of the invention and its practical 
applications, to thereby enable others skilled in the art to 
best utilize the invention and various embodiments with 
various modifications as are suited to the particular use 
contemplated. It is intended that the scope of the invention 
be defined by the following claims and their equivalents. 
What is claimed is: 

1. A method of forming a low temperature metal bond, 
comprising the steps of: 

providing a donor substrate; 

growing a thin film on a surface of said donor substrate; 
supplying an acceptor substrate; 

selecting a multi-layer metal bond interface for position- 
ing between said thin film and said acceptor substrate; 
and 

forming, at a temperature below approximately 200° C, 
a bonded layer between said thin film and said acceptor 
substrate from said multi-layer metal bond interface. 

2. The method of claim 1 wherein said providing step 30 
includes the step of providing a crystallographically oriented 
donor substrate. 

3. The method of claim 2 wherein said providing step 
includes the step of providing a sapphire donor substrate. 

4. The method of claim 2 wherein said providing step 
includes the step of providing a MgO donor substrate. 

5. The method of claim 2 wherein said providing step 
includes the step of providing a quartz donor substrate. 

6. The method of claim 1 wherein said providing step 
includes the step of providing a fused silica donor substrate. 

7. The method of claim 1 wherein said growing step 
includes the step of growing a GaN thin film on said donor 
substrate. 

8. The method of claim 1 wherein said supplying step 
includes the step of supplying a Si acceptor substrate. 

9. The method of claim 1 wherein said supplying step 
includes the step of supplying a GaAs acceptor substrate. 

10. The method of claim 1 wherein said supplying step 
includes the step of supplying a polymer substrate. 

U. The method of claim 10 wherein said supplying step 
includes the step of supplying a polyimide substrate. 

12. The method of claim 1 wherein said selecting step 
includes the step of selecting a multi-layer metal bond 
interface with a bonding over-layer with low resistance to 
shear stress. 

13. The method of claim 1 wherein said selecting step 
includes the step of selecting a multi-layer metal bond 
interface with a bonding under- layer that adheres to said 
donor substrate and said acceptor substrate. 

14. The method of claim 1 wherein said selecting step 
includes the step of selecting a multi-layer metal bond 
interface with a bonding over-layer and bonding under-layer 
that will from a new bonded layer 

15. The method of claim 1 wherein said selecting step 
includes the step of selecting a multi-layer metal bond 



interface that produces a bonded layer with low contact 
resistance and low thermal resistance. 

16. The method of claim 1 wherein said selecting step 
includes the step of selecting a multi-layer metal bond 
interface that produces a bonded layer that is thinner than 
said thin film. 

17. The method of claim 1 wherein said selecting step 
includes the step of selecting a Pd — In multi -layer metal 
bond interface. 

18. The method of claim 1 wherein said selecting step 
include the step of selecting a donor bonding under-layer 
comprising Ti and Pd, selecting an acceptor bonding under- 
layer comprising Pd, and selecting a bonding over-layer 
comprising In. 

19. The method of claim 1 further comprising the step of 
irradiating said thin film through said donor substrate to 
form an interfacial layer. 

20. The method of claim 18 further comprising the step of 
severing said interfacial layer to separate said donor sub- 
strate from said acceptor substrate. 

21. The method of claim 20 further comprising the step of 
detaching said thin film from said acceptor substrate. 

22. The method of claim 20 further comprising the step of 
growing a new epitaxial growth on said thin film. 

23. A method of bonding a film disposed on a first 
substrate to a second substrate, comprising: 

disposing a first bonding layer on said film, said first 
bonding layer comprising a first material having a first 
melting point; 

forming a second bonding layer on said second substrate, 
said second bonding layer comprising a second mate- 
rial having a second melting point; and 
annealing, at a temperature above a lower one of said first 
melting point and said second melting point, said first 
bonding layer and said second bonding layer to form a 
bonded layer between said film and said second 
substrate, wherein said bonded layer has a third melting 
point that is above said lower one of said first melting 
point and said second melting point. 

24. The method of claim 23, wherein the second bonding 
layer comprises the first material. 

25. The method of claim 23, wherein said disposing 
45 comprises depositing a bilayer of Ti — Pd onto said film. 

26. The method of claim 25, wherein said depositing 
comprises depositing an approximately 5 nm thick layer of 
Ti and a 100 nm layer of Pd. 

27. The method of claim 23, wherein said forming com- 
50 prises depositing a layer of Pd and a layer of In onto said 

second substrate. 

28. The method of claim 23, wherein said forming com- 
prises depositing an approximately 100 nm thick layer of Pd 
onto said second substrate by electron beam evaporation. 

29. The method of claim 28, wherein said forming com- 
prises depositing an approximately 1000 nm thick layer of In 
onto said layer of Pd. 

30. The method of claim 23, wherein said annealing 
comprises coupling said first bonding layer to said second 
bonding layer at a pressure of approximately 2.8 Mpa. 

31. The method of claim 23, wherein said annealing 
comprises coupling said first bonding layer and said second 
bonding layer at a temperature below approximately 200° C. 
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(57) ABSTRACT 

An apparatus for protecting a magnetoresistive head from 
electrostatic discharge. The apparatus includes an actuator 
assembly including the magnetoresistive head, and a con- 
nector board including a plurality of conductive traces in 
electrical contact with the magnetoresistive head. The con- 
nector board defines a plurality of openings therein, each of 
the openings having sides surfaces in electrical contact with 
one of the traces. The apparatus further includes a conduc- 
tive shunting member including a plurality of protruding 
members adapted to be inserted into the openings and 
contact the side surfaces of the openings. The shunting 
member, when so inserted into the openings shorts the traces 
to provide protection of the magnetoresistive head from 
electrostatic discharge. 
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COMB SHUNT FOR ESD PROTECTION 

RELATED APPLICATIONS 

This application claims the priority of U.S. Provisional 
Patent Application Ser. No. 60/149,529 entitled "COMB 
PADDLEBOARD ESD SHUNT* filed Aug. 17, 1999. 

FIELD OF THE INVENTION 

This application relates to magnetic disc drives and more io 
particularly to the protection of magnetoresistive head struc- 
tures from damage caused by electrostatic discharge. 

BACKGROUND OF THE INVENTION 

Disc drives are data storage devices that store digital data 15 
in magnetic form on a storage medium on a rotating infor- 
mation storage disc. Modern disc drives include one or more 
rigid discs that are coated with a magnetizable medium and 
mounted on the hub of a spindle motor for rotation at a 
constant high speed. Information is stored on the discs in a 20 
plurality of concentric circular tracks typically by an array of 
transducers ("heads") mounted to a radial actuator for move- 
ment of the heads relative to the discs. Each of the concentric 
tracks is generally divided into a plurality of separately 
addressable data sectors. The read/write transducer, e.g., a 25 
read/write head, is used to transfer data between a desired 
track and an external environment. During a write operation, 
data is written onto the disc track and during a read operation 
the head senses the data previously written on the disc track 
and transfers the information to the external environment. 30 

The heads are mounted on a portion of an actuator 
assembly via flexures at the ends of a plurality of actuator 
arms that project radially outward from an actuator body. 
The actuator body pivots about a shaft mounted to the disc 35 
drive housing at a position closely adjacent the outer 
extreme of the discs. The pivot shaft is parallel with the axis 
of rotation of the spindle motor and the discs, so that the 
heads move in a plane parallel with the surfaces of the discs. 
The actuator assembly further includes a series of lead wires 4Q 
that are in electrical contact with leads from the heads down 
the actuator arm to connect the heads to the disc drive 
circuitry such that the information can be transferred. 

Trends in the disc drive industry have required disc drive 
manufacturers to provide drives with increased areal densi- 45 
ties. In order to meet this growing demand, many advance- 
ments in read/write head technology have been imple- 
mented. One such advancement was moving from an 
inductive head design to a magnetoresistive (MR) head 
structure due to the many advantages a MR head offers. 50 

Although there are many benefits with MR technology, 
there is one distinct problem. An MR head is 100 times more 
sensitive to electrostatic discharge (ESD) than the older 
inductive heads. Furthermore, since their introduction, MR 
head structures have shrunk in order to meet growing areal 55 
density demands, making the MR heads even more sensitive 
to ESD. The latest MR head technology, called GMR (Giant 
Magnetoresistive), is sensitive to ESD levels as low as 3 
volts, and below. 

ESD is an uncontrolled static charge transfer from one 60 
object to another. In MR heads, ESD occurs when there is a 
buildup of charge on various elements of the head or other 
elements in the read/write assembly that are in electrical 
contact with the MR element of the head, and the head is 
momentarily shorted to ground. The charge runs through the 65 
MR element into ground, thus creating an ESD pulse that is 
potentially damaging for the MR element. 
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ESD is only a minor concern in a completed, and opera- 
tional disk drive. Once in a completed disc drive, the MR 
elements on the heads are typically protected. The drive case 
shields the heads from particulate contamination, human 
contact and other adverse elements that could cause an ESD 
event. 

However, ESD presents a major problem during 
manufacture, installation and handling of the head and drive, 
because drive-level ESD protective measures are not yet in 
place. Therefore, ESD from human or equipment contact 
and electric fields can cause damage to the MR structures in 
the head, thereby reducing effect yield and raising costs. 

Because of this constant potential damage to the head 
from ESD during manufacturing and handling, a method is 
desired which will protect the head from ESD damage. One 
such method of MR head protection is by shorting together 
the leads that connect the head contacts. By shorting the 
head leads, a low resistance path to ground exists. Therefore, 
the ESD pulse is directed through the short and bypasses the 
MR structure, thereby protecting the head. 

However, when the head is required to function, the 
electrical shunt will also short out any electrical output from 
the head. Therefore, a method is required to not only apply 
the shunt during the manufacturing and building process, but 
also remove the shunt from the head during electrical testing 
and final installation of the head in the disk drive. 

Many shunting devices and methods used in the art are 
complex, extensive, difficult to install and remove, and do 
not allow for the repeated application and removal of the 
shunt. Therefore, there is a need in the relevant art to 
overcome the shortcomings of the traditional ESD protec- 
tion mechanisms. 

SUMMARY OF THE INVENTION 

Against this backdrop the present invention has been 
developed. The present invention is an apparatus and 
method for providing ESD protection for a MR head. 

In accordance with one preferred embodiment, the inven- 
tion can be implemented as an apparatus for protecting a 
head from electrostatic discharge. The apparatus includes a 
connector board including a plurality of conductive traces in 
electrical contact with the head. The connector board defines 
a plurality of openings therein, each of the openings being 
in electrical contact with one of the traces. The apparatus 
further includes a shunting member including a plurality of 
protruding members adapted to be inserted into the openings 
such that the shunting member shorts the traces to provide 
protection of the head from electrostatic discharge. 

The invention can be implemented in accordance with 
another preferred embodiment as simply the shunting mem- 
ber for protecting a head of an assembly from electrostatic 
discharge. As environment, the magnetoresistive assembly 
includes a plurality of conductive traces in electrical contact 
with the head. The shunting member includes a conductive 
body portion, and a plurality of protruding conductive 
members in electrical contact with and extending from the 
body portion. The protruding members are adapted to con- 
tact the conductive traces of the assembly to short the traces 
to provide protection of the head from electrostatic dis- 
charge. 

The shunting member, and apparatus and methods, of 
some embodiments of the invention provide many advan- 
tages. In some embodiments, the shunting apparatus is easily 
and quickly applied and removed. The time it takes to apply 
the shunt is often on the order of seconds, and removal can 
be even quicker. This means that the shunt will not signifi- 
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cantly delay production or testing. Because the shunting cent the discs 108. The actuator assembly 110 includes an 

apparatus and method of this invention do not involve hard actuator arm 114 which extend towards the disc 108, with 

bonded or soldered shunts like some other methods, appli- one or more flexures 116 extending from the actuator arm 

cation and removal of the shunt can be completed numerous 114. Mounted at the distal end of each of the flexures 116 is 

times. This is advantageous for head re-testing and for s a Dea d 118 that includes an air bearing slider (not shown) 

end-users who do not possess the capability of outfitting enabling the head 118 to fly in close proximity above the 

their facility with special shunt removal equipment. In some corresponding surface of the associated information storage 

embodiments, the only equipment necessary to apply or disc 108 - n * slider Really houses the MR element, the 

remove the shunt is a tweezers or similar device to insert or ^ rite e J ement > a 2? P ads ' which pr ™ d V^f 0 ? 1 ^ nt f \ t0 

remove the shunt member from openings in the connector io ^ elements ' ™ e f^ ato f assembly 110 further includes 

. , r ^ connection circuitry 121 including electrical connectors 140 

and a connector board 142 that interconnects the head 118 

These and various other features as well as advantages ^ me circuitry of the disc driv e 110. 

which characterize the present invention will be apparent ^ radial idon of |he ^ ng ^ controlled lhrou ^ 

from a reading of the following detailed description and a me ^ of a voice coil motor (v C M) 124, which typically 

review of the associated drawings. The embodiments of the i* a ^ n6 {Q ^ ^ mb{ m ag 

invention disclosed herein are to be considered mere y as weU as Qne Qr mofe anent ets 128 lhat a 

illustrative, and the invention is hmited in scope only as magnetic fidd {q which ^ ^ U6 ^ immersed The 

specified m the appended claims. controlled application of current to the coil 126 causes 

BRIEF DESCRIPTION OF THE DRAWINGS 20 ma S ne ^ c interaction between the permanent magnets 128 

and the coil 126 so that the coil 126 moves in accordance 

FIG. 1 is a top plan view of a disc drive, with its top cover with the well-known Lorentz relationship. As the coil 126 

removed, including an actuator assembly incorporating ESD moves, the actuator assembly 110 pivots about the bearing 

protection features in accordance with one preferred shaft assembly 112 and the heads 118 are caused to move 

embodiment of the invention. 25 across the surfaces of the discs 108. 

FIG. 2 is a top view of the actuator assembly shown in It will be understood by those of skill in the art that the 

FIG. 1. invention relates to an ESD shunting apparatus and method 

FIG. 3 is a perspective view of the connector board of the tnat ™ used primarily during the construction and installation 

actuator assembly of FIG. 2, showing the shunting assembly of the actuator assembly 110. The above description of a disc 

in an un-shunted position. 30 drive incorporating such an actuator assembly 110 is 

FIG. 4 is a perspective view of the connector board of the P rovided for environment It should be understood that the 

actuator assembly of FIG. 2, showing the shunting assembly mventl ° n » " wa / llm,,ed 1 lo "ng of actuator 

in a shunted oosition " assemblies 110 that are for use only in a disc dnve. Actuator 

,., , , rr , assemblies incorporating the shunting apparatus and method 

FIG. 5 is a sectional view of the connector board of FIG. of the invenlion afe often used fa Qther applications> such as 

2 taken along lines 5—5 in FIG. 2. media testing deyiceSj and other such applications . 

FIG. 6 is a flow chart showing the steps for using the FIG. 2 is a top view of the actuator assembly 110 

shunting assembly in accordance with a preferred embodi- incorporating ESD protection features in accordance with 

ment of the present invention. one prc f er red embodiment of the invention. The actuator 

DETAILED DESCRIPTION 40 assemD ^y HO includes the actuator arm 114, the flexure 116, 

u and an MR head 118 mounted at the distal end of the flexure 

The invention provides ESD protection for MR elements 116. The term "MR head" denotes an integrated unit that 

on an MR head by shorting or "shunting" the electrical leads preferably includes an inductive write element and an MR 

to the head by the use of a novel shunting apparatus and read element. However, this does not exclude application of 

method. It should be understood that as used herein, the 45 the invention to an actuator assembly 110 including a read 

terms "magnetoresistive" or "magnetoresistive elements" head that includes" only an MR read element. Furthermore, 

are intended to include both magnetoresistive ("MR") and the ESD protection features of the invention may be applied 

giant magnetoresistive ("GMR") elements. to actuator assemblies including other types of recording 

As environment for an actuator assembly 110 incorporat- heads, such as non-MR heads, 

ing ESD protection features in accordance with one pre- 50 The actuator assembly 110 further includes connection 

ferred embodiment of the invention, FIG. 1 is a top view of circuitry 121 that interconnects the head 118 with the 

a disc drive 100. The disc drive 100 includes a base plate 102 circuitry of the device in which the actuator assembly will be 

to which various components of the disc drive 100 are used, for example, a disc drive 110, or a media testing device 

mounted. A top cover (not shown) cooperates with the base (not shown). The connection circuitry 121 includes electri- 

102 to form an internal, sealed environment for the disc 55 cal connectors 140 which extend between the magnetore- 

drive 100 in a conventional manner. The components sistive elements of the head 118, as well as any additional 

include a disc drive motor 106 that rotates one or more reading or writing sensor/transducers, and a connector board 

information storage discs 108 at a constant high speed. The 142. The electrical connectors 140 are preferably lead wires 

disc drive spindle motor 106, rotates a spindle 130 on a 140 made of electrically conductive material, such as 

bearing sleeve (not shown). The spindle 130 carries the one so copper, or other such conductive material. The lead wires 

or more information storage discs 108. The spindle 130, and 140 are connected to various components of the MR head 

therefore the one or more information storage discs 108, are 118. Preferably, the wires are electrically connected to 

rotated about the spindle axis of rotation by the spindle relatively large conductive pads (not shown) on the MR head 

motor 106, as is generally known in the art. 118. Such pads are typically connected to the small MR head 

Information is written to and read from tracks 109 on the 65 elements (not shown), 

disc 108 through the use of the actuator assembly 110 which The lead wires 140 run from the head 118, along the 

rotates about a bearing shaft assembly 112 positioned adja- flexure 116 and the actuator arm 114, and thereafter off of the 
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actuator arm 114, and to the connector board 142. The wires 
140 are preferably affixed to the flexure 116 and the actuator 
arm 114 using techniques generally known in the art, for 
example, by the use of anchors or adhesives, and the like. 
The lead wires 140 can be held together by a tubular sheath, 
configured as a wire bundle, or arranged in another similar 
manner. Preferably, the portion 141 of the lead wires 140 
that extend off of the actuator arm 114 and to the connector 
board 142 are held together by a sheath, or are incorporated 
into cable, such as a ribbon cable, flex cable, or other such 
structure. 

Referring to FIGS. 3 and 4, the connector board 142 
includes MR head traces 144 that are adapted to receive, and 
make electrical contact with, the lead wires 140 to provide 
a signal path between the MR head 118 and the connector 
board 142 via the lead wires 140. The traces 144 of the 
connector board 142 are in turn in electrical contact with 
additional electrical circuitry 148 of the connector board 
142. The additional circuitry 148 of the connector board 142 
is adapted to mate with and electrically connect the actuator 
assembly 110 with the circuitry of the device in which the 
actuator assembly will be used, for example, a disc drive 
100, or a testing device (not shown). Many known connector 
board designs and arrangements can be used. 

A shunting apparatus is incorporated onto the connector 
board 142 to protect the MR head elements from ESD during 
assembly, installation and handling of the actuator assembly 
110. The shunting apparatus includes a plurality of openings 
152 in the connector board 142. The openings 152 are 
arranged such that they extend through the middle of the 
traces 144. In the embodiment shown, there are four traces 
144 and therefore four openings 152, respectively. However, 
those of skill in the art will recognize that in other 
embodiments, additional or fewer traces and additional or 
fewer openings can be used, depending upon the number of 
leads entering the connector board, and the desired shunting 
activity. Preferably, the diameter of each of these openings 
152 is of such a size that protruding members 162 of a 
shunting member 160 can snugly engage the inner periph- 
eral surfaces 154 of the openings 152, as will be discussed 
in more detail below. (FIG. 5). A portion of, or the entire 
inner peripheral surface 154 of, each of the openings 152 
includes a conductive material that is in electrical contact 
with the traces 144. Preferably, annular rings 153 made of a 
conductive material, such as gold, are used as the inner 
peripheral surfaces 154 of the openings 152. Preferably, the 
annular rings are generally hour glass in cross sectional 
shape, and are inserted into each of the openings 152 to 
provide the requisite conductive material surfaces 154 in 
electrical contact with the traces 144. 

The shunting apparatus further includes a shunting mem- 
ber 160. The shunting member 160 includes a top support 
portion 164, and a plurality of downwardly extending por- 
tions 162. Preferably, the shunting member 160 resembles a 
comb, with a row of protruding members 162, or "teeth" 
jutting from a common support member 164. In the embodi- 
ment shown, there are four protruding members 162, but 
those of skill in the art will recognize that additional or fewer 
protruding members can be used, depending upon the num- 
ber of traces to be shunted, and the desired shunting activity. 
The protruding members 162 are spaced apart, and aligned 
such that each member 162 can be aligned with an opening 
152 in the connector board 142. Preferably, the protruding 
members 162 are slightly bent in shape to provide a certain 
degree of spring tension with the inner surfaces 154 of the 
openings 152 when inserted. An opening 170 can be made 
through the top support portion 164 of the shunting member 
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160 to provide for easy engagement of the shunting member 
160 with a tool, such as a tweezers (not shown), for easy 
insertion and removal of the shunting member 160 from the 
connector board 142. The shunting member 160 will act as 
5 the shorting path between electrical traces 144 on the 
connector board 142. Therefore, the shunting member 160 is 
made from an electrically conductive material, such as 
beryllium copper, phosphorus bronze, or other such conduc- 
tive material. 

10 Referring to FIG. 4, to utilize the shunting characteristic 
of this apparatus, the protruding portions 162 of the shunting 
member 160 are inserted into the openings 152 in the 
connector board 142 such that the protruding portions 162 
are in electrical contact with the inner peripheral surfaces 

15 154 of the openings 152. Now, the electrical traces 144 in the 
connector board 142 are short circuited, or "shunted" 
through the shunting member 160. Because the connector 
traces 144 are shunted, and are electrically connected to the 
head 118, a shorting path away from the head 118 is made. 

20 This path runs through the connector traces 144, through the 
conductive material on the surface 154 of the openings 152 
and through the conductive shunt member 160. In this way, 
ESD pulses will be shunted through the shunt member 160 
away from the head 118, and the MR elements in the head 

25 118 are protected from ESD. 

FIG. 6 is a flow diagram showing the steps for a shunting 
method in one preferred embodiment of the present inven- 
tion. In operation 300, the actuator assembly 110 is manu- 
factured and assembled including the actuator arm 114, the 

30 flexure 116, the MR head 118, and connection circuitry 
including electrical connectors 140 and a connector board 
142. The connector board 142 includes the MR head traces 
144, and the plurality of openings 152 having peripheral 
surfaces in electrical contact with the traces 144. In opera- 

35 tion 302, the protruding portions 162 of the shunting mem- 
ber 160 are inserted into the openings 152 in the connector 
board 142 such that the protruding portions 162 are in 
electrical contact with the inner peripheral surfaces 154 of 
the openings 152, and the electrical traces 144 in the 

40 connector board 142 are short circuited, or "shunted" 
through the shunting member 160. After shunting, the actua- 
tor assembly 110 can be optionally further processed, 
manufactured, stored, cleaned, installed in a device, or the 
like, while avoiding EDS that may damage the MR head. In 

45 operation 304, the shunting member 160 is removed from 
the openings 152 in the connector board 142, and the 
actuator can be tested or placed into operation. Thereafter, 
steps 302 and 304 can be repeated, as necessary, to attach 
and remove the shunting member as desired. 

50 It will be clear that the present invention is well adapted 
to attain the ends and advantages mentioned as well as those 
inherent therein. While presently preferred embodiments 
have been described for purposes of this disclosure, numer- 
ous changes may be made which will readily suggest 

55 themselves to those skilled in the art. For example, the 
embodiments described above involve four traces in a 
connector board being shunted by a shunting member 
including four projecting members. Those of skill in the art 
and others will understand that additional or fewer traces can 

60 be shunted using a shunting apparatus having additional or 
fewer openings in the connector board, and a shunting 
member with additional or fewer projecting members. 
Additionally, more than one shunting member can be used 
on a connector board, dictated only by the desired shunting 

65 activity. Many other such modifications, changes and alter- 
natives are also contemplated, and will be apparent to those 
of skill in the art. Accordingly, all such modifications, 



04/02/2003, EAST Version: 1.03.0002 



US 6,507 : 

7 

changes and alternatives are encompassed in the spirit of the 
invention disclosed and as defined in the appended claims. 
What is claimed is: 

1. An apparatus for protecting a head from electrostatic 
discharge, the apparatus comprising: 5 

a connector board including a plurality of conductive 
traces in electrical contact with the head, the connector 
board defining a plurality of openings therein, each of 
the openings being in electrical contact with one of the 
traces; and 10 

a shunting member including a plurality of protruding 
conductive members adapted to be inserted into the 
openings, wherein the plurality of protruding conduc- 
tive members are in electrical contact with a wall of the 
openings, and wherein further the walls of the openings 15 
are in electrical contact with the plurality of conductive 
traces, thereby providing an electrical path to short the 
traces to provide protection of the head from electro- 
static discharge. 

2. The apparatus of claim 1, wherein the openings include 20 
side surfaces, and the side surfaces of the openings are 
annular rings in electrical contact with the conductive traces. 

3. The apparatus of claim 1, wherein the shunting member 
includes a body portion and four protruding members. 

4. The apparatus of claim 1, wherein a connector board 25 
includes four conductive traces in electrical contact with the 
head, and the connector board defines four openings therein, 
each of the openings having sides surfaces in electrical 
contact with one of the traces. 

5. The apparatus of claim 1, wherein the connector board 30 
is adapted to be connected to a media-testing device. 

6. The apparatus of claim 1, wherein the connector board 
is adapted to be connected to a disc drive. 

7. The apparatus of claim 1, wherein the head includes 
magneto resistive elements. 35 

8. The apparatus of claim 1, further including an actuator 
assembly connects to the connector board, the actuator 
assembly comprising an actuator arm, a flexure mounted to 
the actuator arm, and the head mounted at the distal end of 
the flexure. 40 

9. The apparatus of claim 8, wherein a connector board 
includes four conductive traces in electrical contact with the 
head, and the connector board defines four openings therein, 
each of the openings having sides surfaces in electrical 
contact with one of the traces, and the shunting member 45 
includes a body portion and four protruding members each 
adapted to be inserted into one of the openings to shorts the 
traces. 
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10. The apparatus of claim 8, wherein the side surfaces of 
the openings are annular rings in electrical contact with the 
conductive traces. 

11. The apparatus of claim 8, wherein the connector board 
and actuator assembly are adapted to be connected to a 
media-testing device. 

12. A shunting member for protecting a head of an 
assembly from electrostatic discharge, the assembly includ- 
ing a plurality of conductive traces in electrical contact with 
the head, the shunting member comprising: 

a conductive body portion; 

a plurality of protruding conductive members in electrical 
contact with and extending from the body portion, the 
protruding members adapted to electrically engage a 
plurality of connector openings walls, wherein the 
walls of the openings are in electrical contact with the 
conductive traces of the assembly to short the traces to 
provide protection of the head from electrostatic dis- 
charge. 

13. The shunting member of claim 12, wherein the 
shunting member includes four protruding members. 

14. The shunting member of claim 12, wherein the 
shunting member is made of beryllium copper, phosphorus 
bronze, or mixtures thereof. 

15. The shunting member of claim 12, wherein the 
protruding members are adapted to mate with openings in 
the assembly that are in electrical contact with the head. 

16. The shunting member of claim 15, wherein the 
protruding members are resiliency urged in shape to provide 
a degree of spring tension with the inner surfaces of the 
openings when inserted. 

17. The shunting member of claim 16, wherein the 
protruding members are bent in shape. 

18. The shunting member of claim 12, wherein the 
assembly is a magneto resistive assembly and the head is a 
magnetoresistive head. 

19. An apparatus for protecting a magnetoresistive head 
from electrostatic discharge, the apparatus comprising: 

an actuator assembly including a magnetoresistive head; 
and 

means for shunting the magnetoresistive head to protect 
the head from electrostatic discharge, wherein the 
means are in electrical contact with a wall of an 
opening in a connector, which is in electrical contact 
with a plurality of conductive traces. 

***** 
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